Abstract: Households consume direct energy, using natural gas, heating oil, gasoline and electricity, and consume indirect energy, the energy related to the production of goods and the delivery of services for the households. Past trends and present-day household energy use (direct and indirect) are analysed and described. A comparison of these findings with objectives concerning ecological sustainability demonstrates that present-day household energy use is not sustainable. A scenario towards sustainable household energy use is designed containing far-reaching measures with regard to direct energy use. Scenario evaluation shows a substantial reduction of direct energy use; however, this is not enough to meet the sustainability objectiv es. Based on these results, the possibilities and the limitations are discussed to enable households to make their direct and indirect energy use sustainable on the long run.
Introduction
At present, it is increasingly acknowledged that household consumption activities are interesting starting points for understanding, exploring and adjusting the environmental impacts of fossil fuel use (e.g. Duchin, 1995) . Household energy use should be considered broadly: not only energy used in a direct way (e.g. heating demand, electricity demand, and demand for motor fuels), but also in an indirect way by purchasing consumer goods and services (e.g. energy embodied in consumer items). This approach constitutes the base of the HOMES programme (Noorman and Schoot Uiterkamp, 1998) . In the HOMES programme the possibilities are researched for sustainable household metabolism. The timescale considered in the HOMES programme is about a century: an analysis of the consumption patterns from 1950 till 1995 and the design of sustainable changes in household consumption up to 2050. So HOMES is divided in three phases: diagnosis, evaluation and change. The diagnosis addresses a review of the consumption patterns and the environmental consequences thereof in the 1950-1995 period. In the evaluation part, present consumption levels are compared with the consumption levels desirable with respect to sustainability objectives. The change phase should generate options, able to lead consumption patterns in a sustainable direction.
In this paper we present and discuss some of the results within the HOMES programme of the energy analyses in relation to ecological sustainability. Section 2 (Diagnosis) deals with (direct and indirect) fossil energy use and related CO 2 emissions of the household sector in the Netherlands. Section 3 (Evaluation) deals with sustainable criteria regarding (household) energy use and compares the present-day energy use with these criteria. In Section 4 (Change) a transition route towards sustainable household energy use is designed and is evaluated with an scenario approach. In the scenarios we focus solely on direct energy use within the households. Section 5 comprises the main conclusions and discusses the implications of the scenario results for the total household energy use and for other relevant sustainability dimensions.
Diagnosis: household energy use in the 1950-1995 period
At present, the share of direct energy use of households in the Netherlands constitutes about 20% of the total direct indigenous energy use. Household energy demand is related to various household functions. Taking these functions as a starting point, direct energy demand can be appropriately distinguished into heating demand (related to the functions heating, hot water production, and cooking), electricity demand (mainly related to washing, cooling, and lighting), and motor fuels (related to mobility).
The last decades have shown remarkable developments both in amount of energy consumed directly by households and in the type of energy carriers used to fulfil their various functions. In 1950 the total residential heat demand amounted to 172 PJ (including energy required to process secondary fuels from primary energy sources). After an average annual growth rate of more than 5%, heat demand peaked to 592 PJ in 1973. The two oil crises in the 1970s gave rise to a number of initiatives aimed at reducing the energy demand of all economic sectors including households. These measures resulted in a rapid decline of the residential heating demand to 379 PJ in 1995 (a reduction of 36% compared with 1973) (Van der Wal and Noorman, 1998) . Whereas in 1950 coal was the most important energy carrier for heating purposes, natural gas has become more and more important since the second half of the 1960s. At present, 99% of the residential heating demand is met by natural gas. Consequently, the emission of CO 2 related to heating has relatively decreased, owing to the lower CO 2 emission factor of natural gas compared with coal.
Since 1950 the annual electricity demand per household increased at an average annual growth rate of 6.5% from 500 kWh to 3055 kWh in 1979. Subsequently, electricity demand dropped to 2630 kWh in 1987. Since 1987, electricity use per household has been rising again. In 1995 the average electricity demand per household was 3030 kWh. Combining this pattern of electricity demand per household to the growing number of households, it can be concluded that, in contrast to the downward trend in energy use for heating purposes during the last two decades, residential electricity use by households has been constantly rising since the 1950s.
Along with the enormous growth in passenger traffic and the increasing role of private cars therein (the car fleet has increased from 140 000 cars in 1950 to about 5.6 million cars in 1995) in 1995 energy demand for passenger transport (260 PJ) was almost six times as high as in 1960 (44 PJ) (Van der Wal and Noorman, 1998) . The total direct primary household energy demand increased from 200 PJ in 1950 to 803 PJ in 1995 Developments in direct household energy use are explained by changes in various factors: the most important concern population size, household dilution, availability of natural gas, purchasing power and e nergy prices, characteristics of the dwelling stock, penetration and energy efficiency of household appliances, and consumer behaviour (Van der Wal and Noorman, 1998) .
A central methodological assumption about household energy consumption is that households also consume energy in an indirect way by purchasing goods and services. Basically, production and consumption activities are closely related. Since production takes place on behalf of consumption, the total energy consumption of an economy can be attributed to the final demand consumers, including households.
The indirect energy consumption of households is calculated by combining data on household expenditure and energy intensities (MJ/NLG) of production sectors. Using energy intensities derived from input-output analysis and financial data, Wilting (1996) calculated the indirect energy requirements of households for the 1969-1988 period. As for the complete time period no consistent dataset of input -output tables was available, the 1950-1995 period was completed by using time series of the aggregated average annual energy intensities of household expenditures. These energy intensities are subject to changes due to, among other things, technological developments. These annual changes in energy intensities are estimated by using the 'Total Indigenous Fuel Use/Gross National Product' ratio (expressed in PJ/million NLG) which is an indicator for efficiency changes in energy use. These calculations show that the indirect energy demand of the household sector in the Netherlands increased from 313 PJ to 1180 PJ in the 1950-1995 period.
The total primary energy use of households increased from 513 PJ in 1950 to 2047 PJ in 1979 and decreased after that until 1985. Since 1985, total household energy use has risen again, resulting in 1983 PJ in 1995 of which 40% (803 PJ) was direct and 60% (1180 PJ) was indirect. Figure 1 shows both the index of the total primary energy demand and the corresponding CO 2 emissions. In 1950, total CO 2 emissions attributed to households in the Netherlands amounted to about 47 Mtonnes (billion kg). In 1979, CO 2 emissions reached 129 Mtonnes, after which CO 2 emissions decreased to 111 Mtonnes in 1985. In 1995, CO 2 emissions attributed to household consumption has achieved the 1979 level again: 129 Mtonnes. Although the patterns of the total primary energy demand of households and CO 2 emissions are comparable, the growth of the latter lags behind the total energy use owing to a shift in energy carriers used. Since the second half of the 1960s, coal and oil have been substituted by natural gas, which has relatively low CO 2 emissions. As a result, the index of the primary energy demand of households increased to 391 whereas the corresponding index of CO 2 emissions increased to 278 in 1995.
Evaluation: sustainable household energy use defined
The initial assumption of the HOMES programme and also this paper is that the developments in the 1950-1995 period are not in compliance with sustainability objectives. Considering the results found so far we may validate this assumption. Deciding about the sustainability of present-day household energy use and considering options to bring household energy use within the bounds of sustainability implies at least some definite notions on the longer term sustainability objectives at various scales. Therefore, we first operationalize in this section the criteria for sustainable development concerning (household) energy use. Short-and long-term objectives are presented with regard to the amount of energy that can be used on a global scale and on a national scale. Furthermore, the role of fossil energy sources and renewable energy sources and acceptable CO 2 emission levels are considered.
In the long run, the available amount of energy per capita is limited by the ultimate supply of renewable resources. The estimated reserves in 1990 of coal, oil and natural gas are compared with the 1996 rates sufficient for 209, 45 and 52 years, respectively (World Resource Institute, 1994) . However, since CO 2 emissions are strongly related to fossil fuels and the emissions of CO 2 significantly contribute to the enhanced greenhouse effect, environmentally acceptable CO 2 emission levels are even stronger driving forces underlying the reduction of fossil fuel use at present.
The supply from renewable resources, however, is limited for various reasons (see WEC, 1993) . Exploitation of wind energy is restricted to wind-endowed areas, and can have negative consequences for the intrinsic value of a landscape and can disturb the local fauna. Use of water power, whether or not sustainable with regard to certain ecosystems, is limited by the presence of enough water and storage capacity. Biomass production is mainly restricted by a deficiency of agricultural land, which has to be used for food supply. Furthermore, large land surfaces are insufficient for biomass production because of a lack of water and minerals. Solar energy (heat and electricity) is seen as the most promising renewable energy source, but here also constraints appear in the use of materials and land (Moll et al., 1991; Mulder and Biesiot, 1998) . Besides, using solar or wind energy in a more than marginal role requires transformation and storage capacity for, e.g. hydrogen.
The Daly criteria
Our assessment of the level of sustainable energy use is based on the three so-called Daly criteria concerning sustainable natural resource use (Daly, 1990) . According to these criteria, non-renewable energy resources (i.e. oil, natural gas, coal) should not be depleted at rates higher than the development rate of renewable resources, and that renewable resources (solar energy, wind power, water power, biomass) should not be exploited at a rate higher than their regeneration level, and the absorption and regeneration capacity of the natural environment should not be exceeded.
The first two criteria imply that the use of fossil energy sources should be reduced and that renewable energy sources should be implemented with high rates. In the end, this will lead to an energy supply system which fully runs on renewable resources. The transformation to a system fuelled fully by renewable sources requires a considerable investment of (depletable) natural resources (Mulder and Biesiot, 1998) , further limiting the consumptive use of fossil energy sources.
The third criterion strongly limits the emission of CO 2 and other greenhouse gases. To avoid dangerous changes in the climate system, the worldwide temperature increase should be maximally 2 °C compared with the average preindustrial global temperature, and the maximum acceptable sea-level rise is estimated at 50 cm. To enable ecosystems to adapt to climate change and to assure that food production is not endangered, the average global decadal temperature increase should not exceed 0.1 °C (IPCC, 1996) . As a consequence the concentrations of greenhouse gases must be stabilized at a level of less than twice the preindustrial level before 2100. This implies that the rate of CO 2 emissions should be reduced drastically in the 21st century.
Confronting the observed past trends and the present-day household energy use with these sustainability criteria we can conclude that these trends and present-day energy use do not meet to the first and the third Daly criteria. This observation confirms the assumption above that the developments in the 1950-1995 period are not in compliance with (ecological) sustainability objectives. The Daly criteria also give a generally desired direction with regard to energy use and sustainable development. They indicate that the use of fossil energy sources should be reduced in order to preserve these exhaustible resources, and CO 2 emissions should be brought down significantly. The second Daly criterion should be used to assess a sustainable level of exploitation of renewable energy sources.
We recognize that the criteria applied address only the ecological system -and that not fully -as a part of the sustainable development process. Other important subsystems -also necessary focal points of the sustainable development process -are the economic and the sociocultural subsystems. These subsystems have been addressed within the HOMES programme by other projects. We will address the issues related to these subsystems in the conclusion and discussion section. To justify this way of handling these parts of the total system, we add a fourth criterion to the three Daly criteria, addressing sustainable development of a part of the total system, such as household energy consumption. A subsystem is developing in a sustainable way if its development meets the Daly criteria, and if its development does not limit or impede other subsystems or reach sustainability, for instance by drawing largely on the resource base, or by creating economic or behavioural barriers for changes in other subsystems.
A quantitative definition of the sustainability energy level for household consumption
To assess the sustainability of (household) energy consumption, quantitative directives are required stating the levels of (fossil) energy use and CO 2 emissions that are acceptable. Following the Daly criteria, two issues are important for this goal. First, what amount of renewable energy can be delivered (in the long term) to the global population? Second, over what period should the fossil energy sources be (almost) phased out to avoid non-acceptable climate change?
Many attempts have been made to calculate the total energy supply potential from renewable energy sources. At a global level, estimates of the maximal annual energy availability vary between the 'prudent' figure of 1000 EJ/a and a very optimistic figure, such as 50 000 EJ/a (Mulder and Biesiot, 1998) . Considering also constraints with regard to the livability of the world, sustainability of ecosystems and possible changes in the Earth's albedo, resulting from large solar panel surfaces, Dürr (1994) estimated an upper acceptable availability of 250 EJ/a. Considering also IPCC criteria regarding greenhouse gas emissions and the fossil energy requirements of a transition to renewables, Mulder and Biesiot (1998) also calculated a global availability of renewable sources of about 500 EJ/a.
For the Netherlands, van Wijk et al. (1994) estimated the maximum annual yield of renewable energy sources at 715 PJ/a. For comparison, the 1995 primary household energy demand (direct and indirect) amounted to almost triple this potential yield figure.
If we divide the potential renewable yield figures by the estimates of future population numbers the global and the national figures become comparable. The 'prudent' global yield estimates indicate a per capita availability of renewable energy at 20-80 GJ/capita per annum. For the Netherlands the maximal renewable yield amounts to 45-50 GJ/capita per annum. The potential renewable yield figures can also be expressed in 'kW/capita' units. In these units we find sustainable yield figures ranging from 0.6 to 2.5 kW/capita [1] . Overviewing these data we choose 1.5 kW/capita as a sustainable renewable energy-use level for the Netherlands. In this way, we also enable an equitable access to renewable energy sources for the global population.
To serve a more equitable global access to fossil energy sources and to prevent non-acceptable climate change, energy use in the western world should be reduced substantially in the coming decades (IPCC, 1996) . We choose to define the sustainability goal to be a reduction of the present D utch fossil energy consumption of about 6 kW/capita to 1.5 kW/capita to be reached in 2050. This long-term target meets at least for the 21st century a broad range of sustainability criteria, including the criterion of equity. Of course, after 2050 fossil energy consumption should be reduced further and the share of renewable energy sources should be expanded within the 1.5 kW/capita budget.
Consumption in society includes other consumption as well as the observed household consumption: for instance, collective goods such as education, infrastructure, the army, etc. This kind of indirect society energy demand amounted to about 2 kW per capita in 1990 (Kramer et al., 1998) . So, the total primary energy demand per capita, based on household spending and the u se of collective goods, amounts around 6 kW/capita. Allocating a proportional part of the 1.5 kW/capita objective to the energy consumption related to household expenditures, the total primary household energy demand should be reduced from 4.1 kW per capita in 1995 to about 1.0 kW per capita.
It is expected that population growth in the Netherlands will continue till 2033 to a size of around 17.6 million citizens. The Dutch Central Bureau of Statistics (CBS) foresees this number to decline to around 17.2 million in the 2033-2050 period. When focusing at 2050 this means a primary energy budget of around 550 PJ for the household sector in the Netherlands (see Figure 2 ). This figure shows the developments in the 1950-1995 period and the required transition in the 1995-2050 period. Besides, two short-term trends (1990-2020) are reflected. First, the ECN-TREND [2] scenario and, second, the ECN-LOW scenario. Clearly, the ECN scenarios did not foresee the strong increase in household energy demand in the 1990-1995 period. We see in Figure 2 that household primary energy use in the Netherlands in 2050 has to return to the level of the early 1960s to meet the 1.0 kW/capita objective. 
Change: exploring future household energy use
In this article we explore the possibilities for bringing the future household energy use within the sustainability goal, set above. Our focus is on the direct energy use within households only. Thus, the direct energy demand for (car) mobility and the indirect demand for consumption goods and services are excluded. The future explorations are restricted to the direct energy-demanding activities within the houses only. Within this domain we have reliable grounds to form a longterm approach. The domain of mobility is strongly linked to the development of infrastructure and the spatial ordering in the Netherlands, which is mostly not influenced by household practices. The domain of goods and service production and delivery is strongly related to the production structure of the Netherlands. Both domains should play an important role in the sustainable development process and are therefore addressed in other parts of the HOMES programme. However, the investigation of options to reduce energy use in these domains is beyond the scope of this article. We will address these domains in the conclusion section.
Attributing a proportional part of the 1.0 kW/capita household sustainable energy budget to direct energy, we found that the direct energy demand within houses should be reduced from 585 PJ in 1995 to about 160 PJ in 2050 [3].
Model description
In order to explore future developments in direct household energy use, a spreadsheet model was constructed. The HORA (HOusehold Resource Accounting) model is an instrument by which the direct energy and water requirements of Dutch households (excluding mobility) can be calculated for the 1995-2050 period on the basis of explicit assumptions concerning changes in the fields of demography, dwelling stock, technological development and consumer behaviour. HORA is a model in which the mutual relations between the determinants are formalized. Different sets of possible changes, regarding these determinants, during the 1995-2050 period are calculated and evaluated with respect to both final and primary household energy demand.
Model structure
HORA is constructed with different modules (Figure 3 
Model input
As stated before, direct household energy demand is determined by various factors.
For future demographic developments the findings of the CBS are mainly followed. It is assumed that population growth and increase of the numbers of households goes on till 2033. After 2033 both population size and the number of households will slightly decline.
The size of the dwelling stock is, with a small correction factor, linked to the development in the numbers of households. The relation between number of households and dwellings was 1.17 in 1956; a sign of housing shortage. In 1995 this ratio had decreased to 1.04. We assume this ratio to decline to 1.0 in 2050, which implies that every household has a dwelling at its disposal. The building rate of new houses is a model variable. Houses are subdivided into eight types of dwelling. This enables us to opt for different spatial perspectives in the future, which are presently under discussion, for example compact cities versus the Californian model. Furthermore, the dwelling stock is split up in five building periods : before 1950, 1951-1980, 1981-1995, 1996-2015, after 2016 . This division is also made on the basis of available data on thermal qualities of dwellings. The rate of demolition is determined by new housing development, but differentiated for the different building periods. Finally, the actual dwelling stock can be also improved through renovation in the model calculations.
Increasing penetration rates and improving energy efficiencies of household appliances have largely influenced the development in energy demand since 1950. For the 1995-2050 period the focus is on activities and accompanying household appliances, which involve the activities mentioned in Figure 3 . Consumer behaviour towards household energy demand is essential in two ways: purchasing household appliances and the way of using them. Purchase of household appliances is controlled by the assumed penetration rates. We discern three types of appliance or technology: established technologies (washing machines, refrigerators and televisions), actually (strong) penetrating technologies (dishwashers, dryers, waterbeds, compact fluorescent lamps) and new technologies (hot-fill machines, heat pumps, solar energy systems, high intensity discharge lamps). Established technologies have penetrated in almost every household. Some households even possess more than one (refrigerators and televisions). The penetration rates of established technologies do not grow fast anymore. Actually (strong) penetrating technologies are responsible for a great deal of the growth in household energy (electricity) demand since 1992. New technologies have two aspects. On the one hand, new technologies are being developed to substitute old energy-devouring technologies (high intensity discharge lamps versus traditional light bulbs, hot fill washing machines versus e lectrical washing machines). On the other hand, new technologies with new applications (rechargeable telephones, air conditioning, etc.) drive up the energy demand.
Besides the purchasing of energy-demanding goods, the way of using them also exerts influence on energy demand. Heating behaviour, shower and bath frequency, shower duration and load degree of washing machines are examples of factors that influence direct household energy demand.
Scenarios
In this section, two scenarios calculated with the HORA model are presented. First, a Business As Usual scenario (BAU) and, second, a Towards Sustainability scenario (TS).
The starting point of the BAU scenario is that developments within the HORA modules continue as they did in the 1950-1995 period. This m eans that all trends with respect to dwelling development, penetration of household appliances, energy efficiency and so on, are extrapolated on basis of this time period.
The TS scenario contains far-reaching measures -considered technically and behaviourally feasible -that may contribute to the attainment of a 1.5 kW society. The basics of this scenario are substantial advances in technology and palpable changes in consumer behaviour. We mention the most notable changes:
Climate control: more new and low energy housing development with better energy efficiencies and lower transmission coefficients;
Water heating: shorter and less frequent showers and no bathing anymore;
Food cooling: consolidate cooling volume per household and a lower penetration rate for freezers;
Clothes washing and drying: higher load rates, new washing techniques and more collective washing;
Lighting: strongly increasing penetration of energy-efficient light-bulbs; TV and video: lowering the energy use for standby;
Waterbed: consolidate the penetration degree at the level of 1995;
Cooking: more energy-efficient cooking techniques;
Other: stabilization at the 1995 level. Table 1 and Figure 4 show the results of the BAU scenario. The total primary direct energy demand of the household sector in the Netherlands, based on fossil fuels, is expected to grow from 584 PJ in 1995 to 633 PJ in 2050. The growth results mainly from the increasing penetration rates for waterbeds, clothes dryers and other small energy-using appliances. Climate control, food cooling, clothes washing and lighting show decreases in energy demand. Figure 5 and Table 1 show the results of the TS scenario. In this scenario the primary direct energy demand of household (based on fossil fuels) falls from 584 to 347 PJ in the 1995-2050 period; a decrease of 41%. All activities, except using waterbeds, show a significant decrease of the energy demand. These decreases are also related to a substantial decrease in the ERE value of electricity. In the BAU scenario, 95% of electricity is produced with fossil fuels, whereas in the TS scenario the corresponding figure is 45%. Finally, we should put the scenario results in a broader perspective. We assume that the relative changes concerning primary direct energy use for mobility by households and indirect household energy use are the same as the changes in primary direct energy use in the 1995-2050 period, according to the BAU scenario and the TS scenario. According to these assumptions, the BAU scenario will reach a total household energy use level of more than 2100 PJ, while the TS scenario gets stuck at almost 1200 PJ. The BAU scenario is then comparable, in the short term, with the ECN-low scenario. The TS scenario comes in between the ECN-low scenario and the sustainable (1.0 kW) scenario.
Results

Conclusions and discussion
This paper presents the research results concerning one century (1950-2050) of direct and indirect household energy use in the Netherlands. The past developments in household energy use are analysed and put in the longterm sustainability perspective. Taking into account principles of global equity (in energy terms) and the notion that the current dependence on fossil fuel is not sustainable, a future renewable energy system which allows, in principle, for equity in energy terms, is taken as a reference level for a sustainable state. As the sustainable reference level for the year 2050 we set the objective to bring the total household energy use down to 1.0 kW/capita in the Netherlands. In order to investigate the feasibility of such a reference level for the direct part of household energy use in particular, two scenarios (a Business As Usual approach and a Towards Sustainability approach) are developed and evaluated, representing two basically different possible development paths. In spite of (far reaching) measures carried out in the TS scenario, it seems not possible to approximate to the 1.0 kW/capita reference level in 2050. In the TS scenario the direct household demand for fossil fuels amounts to almost 350 PJ in 2050, whereas 160 PJ of would be the sustainable level. So, it is obvious that the set of measures to reduce direct household fossil fuel demand is not sufficient. Nevertheless, these measures significantly reduce the energy demand while the current trends tend towards a higher energy demand (BAU-, ECN-TREND-and ECN-LOW scenarios). These results show that (individual) households can directly reduce a substantial part of their fossil fuel demand.
We shall discuss these findings further in the context of the question of whether energy use by households can be developed in the 21st century to fit into the process of sustainable development. The relations and mutual influences between the subsystems (ecological, economic and sociocultural) are also important for this question. First, we focus the discussion on the direct part of household energy use, next we focus on the other parts, and finally we address the social and physical infrastructure that may enable or limit the possibilities to realize sustainable household energy use.
The measures assumed in the TS scenario are for a substantial part dependent on a high efficiency of appliances, of heating systems and of electricity generation. These measures require some change in the production sectors, without affecting fundamentally the economic structure. Also, some behavioural change is assumed in the TS scenario, which may have some (minor) effects on the quality of life but do not really affect the sociocultural system. We may conclude that the TS scenario does not shift fundamental problems to other subsystems; however, the TS scenario does not attain the required reduction of energy use for the ecological subsystem.
More reduction measures are necessary to bring the direct energy use within the limits set. Three types of measure may be considered: substantial reduction of the available space per capita in houses and a drastic programme of demolition of old houses with a high energy use for heating, a substantial reduction of household electricity use by diminishing the number of appliances, and fundamental behavioural change. These measures affect the economic system (reduced production of appliances, early depreciation of buildings) and the sociocultural system (less space use, fewer appliances and behavioural change). The risk of problem shifting to the other subsystems seems apparent in such approaches (Gatersleben, 2000) .
The other parts of household energy use concern mobility and indirect energy use (related to the acquisition of goods and the delivery of services). The present trend of mobility energy use is rising. Efficiency increases of car engines are offset by the increase of average car weight, and also car ownership is increasing. Approaches to reduce the mobility energy use should counter these steady trends. Only other fundamental mobility concepts -requiring a very different sociocultural attitude towards mobility and a very different mobility infrastructure -may bring the mobility energy demand onto a sustainable track. To reduce the indirect energy use several possibilities exist. Wilting et al. (1999) demonstrate that 30% (of total household energy use) reduction may be realized in a period of 15 to 20 years, without substantially negative economic consequences. However, a large part of the nett reduction will disappear if the average household spending in financial terms rises in the coming decades at the same rate as presently observed. The required reduction in economic growth will surely affect the present economic and sociocultural subsystems.
We may conclude that a straightforward approach to guide household energy use towards the sustainability limits derived in the domain of the ecological subsystem will create several problems in the other subsystems. Therefore, an interdisciplinary collaboration addressing the various subsystems is required to address integrally the question about sustainability by households (as followed in the HOMES programme). We may also conclude that households have an important role to realize sustainable household energy use, but also that the physical and social infrastructure around households should be changed fundamentally in order to enable households to become sustainable.
